Stable breast cancer cell (BCC) lines are valuable tools for the identification of breast cancer stem cell (BCSC) phenotypes that develop in response to several stimuli as well as for studying the basic mechanisms associated with the initiation and maintenance of BCSCs. However, the characteristics of individual, BCCderived BCSCs varies and these cells show distinct phenotypes depending on the different BCSC markers used for their isolation. Aldehyde dehydrogenase (ALDH) activity is just such a recognized biomarker of BCSCs with a CD44 + /CD24 À phenotype. We isolated BCSCs with high ALDH activity (CD44 À/low populations in breast tumors are CSCs but rather are non-stem tumor cells, which have highly proliferative potential and lead to poor clinical outcomes. (2, 3) On the other hand, aldehyde dehydrogenase (ALDH) was identified as specific marker that can be used to isolate stem cells from not only normal tissues, but malignant ones as well. (4) The ALDH phenotype correlated with clinical outcome; however, no association with a particular subtype of breast cancer cells (BCCs) was identified. (5) Ginestier and colleagues found that Aldefluor-positive (for ALDH activity) BCC populations in mice have a 1% or less overlap with the population of CD44 + /CD24
À/low cells. Additionally, Aldefluor-positive and CD44 + /CD24 À/low populations were reported to have high tumorigenic activity, including proliferation and tumor formation after transplantation of just 20 cells per recipient mouse.
Because stem cells divide asymmetrically, the cellular progeny exhibits a high degree of differentiation and neoplastic cells are therefore generally thought to be at various differentiated stages. Importantly, it has been reported that normal and cancer stem cell-like cells can arise de novo from cells at a more advanced differentiation stage, indicating that there are heterogeneous populations regulated by bidirectional interconversions. (6, 7) Therefore, non-stem cancer cells give rise to CSCs due to an unexpected degree of plasticity. However, the mechanisms of phenotypic changes inducing CSCs have not been investigated in detail.
One of the key extrinsic effects on cancer cells is a hypoxic environment. Hypoxia-inducible factor-1a (HIF-1a) is overexpressed and is associated with the proliferation of breast, lung, gastric, skin, ovarian, pancreatic, prostate and renal cancers. (8) Furthermore, it has been demonstrated that blocking HIF-1a in breast cancers inhibits tumor growth, angiogenesis, stem cell maintenance, invasion and metastasis. (9) Increased expression of HIF-1a is closely related to a poor prognosis and resistance to therapy in various types of cancers. (10) Hypoxia is also an important factor in the epithelial-mesenchymal transition (EMT) in breast cancer. (11) HIF-1a binds to hypoxia response elements (HRE) in the Snail and Slug promoters and increases their expression, while simultaneously decreasing the expression of E-cadherin, leading to the EMT and increased cancer aggressiveness. (12, 13) These previous findings indicate that HIF-1a induces cancer development in a variety of aspects, and it represents a key molecule involved in various cancerrelated processes.
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À /CD44 + /CD24 À cells (BC#1) were segregated from the mixed population by FACS (MoFlo XDP; Beckman Coulter, Brea, CA, USA) and maintained with Dulbecco's modified eagle medium (DMEM)-high medium (Invitrogen, Carlsbad, CA, USA) containing 10% FBS, L-glutamine and MEM-NEAA (Invitrogen). We used early passages of BC#1 (up to passage number 8) for further experiments. We harvested and cultured four additional breast cancer cell batches derived from the pleural effusion of different patients, using the same protocol. One of these batches (BC#1) was maintained in the same culture condition as above. For control, MCF-7 (Riken BioResource Center, Ibaraki, Japan) and SK-BR-3 (ATCC #HTB-30 ™ ; Manassas, VA, USA) were utilized. Antibodies for FACS. The antibodies used in this study were phycoerythrin (PE)-labeled anti-CD24 (Biolegend, San Diego, CA, USA), fluorescein isothiocyanate (FITC)-labeled anti-CD44 (BD Biosciences, San Jose, CA, USA), allophycocyanine (APC)-labeled anti-E-cadherin (Biolegend) and PE-labeled anti-Vimentin (R&D systems, Minneapolis, MN, USA).
Aldefluor assay. Aldehyde dehydrogenase activity was analyzed with Aldefluor reagent (StemCell Technologies Inc, Vancouver, BC, Canada) according to the manufacturer's instructions and a previous report. (15) A single cell suspension (1 9 10 6 ) was mixed with activated ALDH substrate (StemCell Technologies Inc). Diethylaminobenzaldehyde (DEAB), which is a specific and irreversible inhibitor of ALDH, was used as a negative control. Finally, we isolated Aldefluor pos and Aldefluor neg populations under DEAB-negative conditions by cell sorter.
Mammosphere formation assay. Sample cells (1 9 10 4 ) were mixed in MammoCult medium (StemCell Technologies Inc) containing heparin and hydrocortisone and cultured for 7 days. Mammosphere (diameter ≥100 lm) forming efficiency (MSFE) was calculated as the number of mammospheres divided by the original number of cells seeded and indicated as percentage.
Cell proliferation assay. Cells (4 9 10 4 ) were plated on 35 mm dish and were cultured under normoxic conditions. Surviving cells were scored at 24-h intervals using the trypanblue exclusion method.
Wound healing assay. Cells (1 9 10
5
) were plated on sixwell dishes. After cells reach confluency, a single scratch wound was created using a p10 micropipette into confluent cells. The migration distance (lm), at 0 and 24 h after wounding, was calculated using the ImageJ software program.
Matrigel invasion assay. Cells (4 9 10 4 ) in DMEM-high containing 0.1% FBS were seeded onto BD Matrigel Basement Membrane Matrix (BD Biosciences)-coated 8-lm BD Falcon cell culture insert (BD Biosciences). DMEM containing 10% FBS was added to the lower compartments of each chamber, and cells were incubated for 24 h. After removal of the cells that remain in the top chamber, the top surface of each membrane was cleared of cells with a cotton swab. Cells that had penetrated to the bottom side of the membrane were then fixed in methanol, stained with a Diff-Quick Stain Set (Sysmex Corporation, Kobe, Japan), and counted.
Animal studies. Female C57BL/6J mice were purchased from Japan SLC, Inc (Shizuoka, Japan) and bred under SPF conditions with ad libitum access to food and water. All experimental procedures were approved by the University of Tsukuba Institute Animal Care and Use Committee. Sample cells (2 9 10 5 ) were injected into the tail vein and suspensions containing sample cells (5 9 10 6 ) in 100 lL of Growth Factor Reduced BD Matrigel Matrix (BD Biosciences) were injected into the subcutaneous tissue. After 21 days, the mice were sacrificed by cervical dislocation and the primary tumors and lungs were analyzed. Immunosuppression was performed by Cyclosporin-A (Sigma-Aldrich, St. Louis, MO, USA) injection (20 mg/kg per day, i.p.).
Immunohistochemistry. The primary tumors and lungs were fixed with 4% paraformaldehyde (Wako Pure Chemical, Osaka, Japan). The sections of tumor samples were stained by Hematoxylin-Eosin. Four sections per sample were selected at random and the areas with tumor cell aggregation were measured. This aggregate area was then divided by the area of each tumor section to calculate mean tumor burden per tumor sample. The lung sections were stained by Hematoxylin-Eosin. Three sections per sample were selected at random and metastatic foci were counted in each section. Then, the number of metastases was divided by the area of the each lung section to calculate mean metastatic density per sample.
Quantitative polymerase chain reaction (qPCR). The cDNA samples were synthesized from total RNA (2 lg) using a ReverTra Plus kit (TOYOBO, Osaka, Japan). The reaction mixtures for quantitative PCR were prepared using THUN-DERBIRD SYBR qPCR Mix (TOYOBO). The data were calculated by the DDC t method. The sequences of the primers used for qPCR are shown in Table 1 .
Western blotting analysis. Proteins were subjected to Western blotting as previously described. (16, 17) Anti-human HIF-1a (1:2000; sc-10790, Santa Cruz Biotechnology, Santa Cruz, CA, USA), (18) anti-human HIF-2a (1:3000; NB100-132, Novus Biologicals, Littleton, CO, USA), (19) anti-human Snail ( Overexpression and shRNA treatment of HIF-1a and siRNA treatment of HIF-2a. To overexpress HIF-1a, cells were transfected with pEF-BOS-human HIF-1a or pEF-BOS (control) using Lipofectamine LTX (Invitrogen). To suppress HIF-1a expression, we used the MISSION shRNA lentiviral transduction system (TRCN0000003810; Sigma-Aldrich). (20) GFPexpressing Aldefluor pos cells were established using MISSION TurboGFP Control Particle (SHC003V; Sigma-Aldrich) as control cells. And, to suppress HIF-2a expression, cells were transfected with either HIF-2a siRNA or negative control siRNA (Qiagen, Basel, Switzerland), using Lipofectamine LTX (Invitrogen). (21) All kits were used according to the manufacturer's instructions.
Chromatin immunoprecipitation (ChIP) assay. Sample cells (1.5 9 10 7 ) were fixed with 1% formaldehyde, then washed with phosphate-buffered saline (PBS) containing 1 mM protease inhibitor mixture (Roche Applied Science, Indianapolis, IN, USA). Nuclear extracts were prepared as described previously. (22) After fragmentation of DNA by sonication, the samples were incubated at 4°C with anti-human HIF-1a (1:1000; NB100-105, Novus Biologicals) or anti-human HIF-2a
(1:1000; NB100-132, Novus Biologicals) antibodies. Normal rabbit IgG was used as a negative control. The reaction mixtures were incubated with protein A-agarose beads (Nacalai tesque, Kyoto, Japan) and were eluted with elution buffer (1% SDS, 0.1 M NaHCO 3 ). DNA-protein complexes were denatured at 65°C. The ALDH1A1 HRE sequence was detected by PCR using Ex Taq polymerase (TAKARA BIO INC, Kyoto, Japan). The following primers were used: sense primer, 5 0 -ATCTCACCTTGAATTGTAGTTC-3 0 and antisense primer, 5 0 -TAATTGACTCACAGTTCAGCAT-3 0 . Statistical analysis. The data are presented as the means AE SD from three or more independent experiments. Sample means were compared using Student's t-test or an ANOVA, followed by Tukey's multiple comparison test. Calculations were executed by the GraphPad Prism software program (GraphPad Software Inc., La Jolla, CA, USA). À population, we separated BC#1 on the basis of ALDH activity and cultivated it for further analyses (Fig. 1a) . (14) Previously, we showed that BC#1 is CK5/6
À . (14) In order to validate the phenotype of BC#1 in further detail, we examined the expression of CK14 (a breast epithelial marker) and Vimentin (a fibroblast marker), and showed that BC#1 is CK14 + and Vimentin À , suggesting that BC#1 is consisted of breast cancer cells (data not shown). With regard to cellular morphology, the CD44 + /CD24
À /Aldefluor neg population showed an epithelial-like morphology whereas the CD44 + / CD24 À /Aldefluor pos population showed both epithelial-like and spindle-shaped morphology (Fig. 1b) . The Aldefluor pos cells proliferated more rapidly compared with the Aldefluor neg cells as previously reported (Fig. 1c) . (23) The mammosphere assay showed that the Aldefluor pos cells had a higher mean MSFE than the Aldefluor neg cells in both the primary and secondary assays (Fig. 1d) . And the wound healing assay showed that the migration distance of the Aldefluor pos cells was greater than that of the Aldefluor neg cells (Fig. 1e) . Furthermore, the matrigel invasion assay showed that the number of passed cells per field of Aldefluor pos cells was more than that of the Aldefluor neg cells (Fig. 1f) . These findings fit with previous reports that deem it likely that the Aldefluor pos cell population may be enriched in cancer stem/ progenitor cells compared with the Aldefluor neg cell population. (23, 24) The number of pulmonary metastases was significantly increased in the mice injected with Aldefluor pos cells compared with Aldefluor neg cells (Fig. 1g) . The Aldefluor pos cell-derived tumors were larger than those derived from Aldefluor neg cells and there was a significant difference in the tumor burden (Fig. 1h) . Taken together, these data indicate that Aldefluor pos BC#1 cells have increased stem cell properties, compared with Aldefluor neg BC#1 cells, as previously reported. (4, 25) Analysis of the relationship between hypoxia and BCSCs. Previous reports demonstrated that activated HIFs in BCCs can promote self-renewal, survival, tumorigenicity, invasiveness and metastasis. (26) (27) (28) Indeed, the HIF-1a expression was significantly increased in Aldefluor pos cells compared with Aldefluor neg cells under hypoxic conditions (Fig. 2a,b) . In contrast, (Fig. 2c,d ).
Knockdown of HIF-2a expression in both cell groups led to an increased dead cell number (Fig. 2e) , suggesting that HIF-2a may have a role in maintaining survival of both Aldefluor pos and Aldefluor neg cells, as previously reported. (29) Previous reports demonstrated that HIF-1a triggers the EMT by decreasing E-cadherin expression and increasing Vimentin expression. (30, 31) The Vimentin mRNA level was increased, whereas the E-cadherin mRNA level was decreased, in Aldefluor pos cells compared with Aldefluor neg cells under hypoxic conditions (Fig. 2f) . Similarly, the FACS analysis showed that the frequency of E-cadherin-positive cells was markedly reduced, but the frequency of Vimentin-positive cells was significantly elevated in the Aldefluor pos cells (Fig. 2g) . We could detect the change of these EMT markers at the protein level in the Aldefluor pos cells and considered that the protein levels reflect cellular milieu more precisely than the mRNA level.
Importantly, previous studies have shown that HIF-1a activates several signaling pathways, such as the Notch and TGF-b signaling pathways, which in turn induce the expression of EMT-associated transcription factors, such as Snail and Slug. (11, 32) We found the expression levels of Notch-1, Jagged-1 and TGF-b were significantly increased in Aldefluor pos cells compared with Aldefluor neg cells under hypoxic conditions (Fig. 2h) . In addition, the protein expression of Snail and Slug were significantly upregulated in Aldefluor pos cells compared with the Aldefluor neg cells under both normoxic and hypoxic conditions (Fig. 2i,j) . Under normoxic conditions, HIF-1a protein was slightly increased in Aldefluor pos cells compared with Aldefluor neg cells (Fig. 2b) . Thus, these data suggested that HIF-1a might upregulate Snail and Slug expression in Aldefluor pos cells under normoxic conditions as previously reported. (Fig. 3c) . The mammosphere formation assay demonstrated that Aldefluor pos -shHIF-1a cells showed a decreased mean MSFE compared with the control cells (Fig. 3d) . We examined the mRNA expression of stem regulator genes; OCT4 and Nanog, and found these expression (Fig. 3e) . And the matrigel invasion assay showed that Aldefluor pos -shHIF-1a cells showed reduced number of invasive cells per field compared with the control cells (Fig. 3f) .
We then examined the number of pulmonary metastases, and found that the number of foci was significantly decreased by the injection of Aldefluor pos -shHIF-1a cells compared with the control (Fig. 3g ). An in vivo subcutaneous transplantation assay also demonstrated that tumors derived from Aldefluor pos -shHIF-1a cells showed a decreased weight and volume compared with the control (data not shown). The histological analyses of tumor sections by Hematoxylin-Eosin staining clearly showed a decreased tumor burden in the mice bearing Aldefluor pos -shHIF-1a cells compared with the control (Fig. 3h) .
In order to determine whether knockdown of HIF-1a affected the expression of EMT-related genes, we examined the E-cadherin and Vimentin expression in Aldefluor pos -shHIF1a cells. Increased expression of E-cadherin and decreased expression of Vimentin was observed in the HIF-1a knockdown Aldefluor pos cells under hypoxic conditions (Fig. 3i) . Similarly, the FACS analysis showed that the frequency of Ecadherin-positive cells was markedly increased, but the frequency of Vimentin-positive cells was significantly decreased in the HIF-1a knockdown Aldefluor pos cells (Fig. 3j) . Furthermore, we found a significant decrease in the expression of Notch-1, Jagged-1, TGF-b, Snail and Slug in the Aldefluor posshHIF-1a cells compared with control cells under hypoxic conditions (Fig. 3k) . In addition, we examined whether Notch signaling blocks Hypoxia-induced EMT in Aldefluor pos cells using a Notch inhibitor (DAPT), and showed the expression of EMT-related genes, in Aldefluor pos cells treated with DAPT, were significantly increased under the hypoxic conditions (Fig. S2 ). However, the expression level of the EMT-related genes; Snail and Slug in Aldefluor pos cells treated with DAPT was lower compared with the control cells. These results indicated that a Notch inhibitor could not block total hypoxiainduced EMT, suggesting Notch signaling-induced EMT is partially but not fully dependent on hypoxia. Collectively, these results suggest that HIF-1a is highly associated with the stem cell properties of Aldefluor pos cells by promoting the EMT process.
HIF-1a overexpression induced the elevated expression of Snail and Slug mRNA in Aldefluor neg cells. We then transfected HIF1a into Aldefluor neg cells to determine whether HIF-1a overexpression induces Snail or Slug in BCCs. The HIF-1a protein was constitutively expressed even under normoxic conditions in the HIF-1a-transfected Aldefluor neg cells (Fig. 4a,b) . The Aldefluor neg -pEF-BOS-HIF-1a cells showed epithelial morphology and seemed to contain more spindle-shaped cells than the control (Aldefluor neg -pEF-BOS cells) (data not shown). We also found decreased expression of E-cadherin and increased expression of Vimentin in the Aldefluor neg -pEF-BOS-HIF-1a cells compared with the control (Fig. 4c) . Similarly, the FACS analysis showed that the frequency of E-cadherin-positive cells was markedly decreased, but the frequency of Vimentinpositive cells was significantly increased in the Aldefluor negpEF-BOS-HIF-1a cells (Fig. 4d ). There were no significant differences in Notch-1, Jagged-1 or TGF-b expression whereas the expression levels of Snail and Slug were significantly increased in the Aldefluor neg -pEF-BOS-HIF-1a cells (Fig. 4e) . These results indicate that HIF-1a overexpression was involved in triggering the EMT process, which occurred through the repression of E-cadherin due to the induction of Snail and Slug expression in the Aldefluor neg cells. The number of pulmonary metastases was markedly increased in mice injected with Aldefluor neg -pEF-BOS-HIF-1a cells compared with the control (Fig. 4f) . The tumor burden of the mice injected with Aldefluor neg -pEF-BOS-HIF-1a cells was significantly higher than the control (Fig. 4g) . Taken together, these results indicate that HIF-1a affects the phenotypic change of BCSC population in regards to tumorigenesis and metastasis.
Aldefluor neg cells were altered to Aldefluor pos cells in a process directly regulated by HIF-1a. It has been reported that the mRNA level of ALDH1A1 positively correlates with the ALDH activity in BCSCs. (36) The expression of ALDH1A1 was significantly increased in the Aldefluor neg -pEF-BOS-HIF1a cells and the expression of ALDH1A1 was significantly decreased in the Aldefluor pos -shHIF-1a cells (Fig. 5a) . Indeed, the ALDH activity in the Aldefluor cells. On the other hand, the ALDH activity in the Aldefluor neg -pEF-BOS-HIF-1a cells was markedly increased compared with the control Aldefluor neg -pEF-BOS cells (Fig. 5b) . These results indicate that HIF-1a expression is highly associated with the increase in ALDH activity via a direct and/or indirect manner.
In order to address specificity in HIF-1a or HIF-2a binding to the ALDH1A1 promoter, we performed a ChIP assay using Aldefluor pos and Aldefluor neg cells. A direct association of HIF-1a with the ALDH1A1 promoter was observed in Aldefluor pos cells under normoxic and hypoxic conditions, whereas HIF-1a bound to the ALDH1A1 promoter in Aldefluor neg cells under hypoxic conditions (Fig. 5c) (Fig. 5d) , suggesting that the ALDH activity in BC#1 may be regulated by HIF-1a in some part. In fact, the phenotypic change from Aldefluor neg cells to Aldefluor pos cells was observed after 72 h under hypoxic conditions. We could detect similar phenomena using other breast cancer cell lines; MCF7 (HER2-negative) and SK-BR-3 (HER2-positive), suggesting that the alteration of Aldefluor pos cells derived from Aldefluor neg cells might not be HER2-negative specific (Fig. S3 ). In addition, we found that those altered Aldefluor pos cells derived from Aldefluor neg cells had increased expression of angiogenesis-related mRNA rather than EMT master genes (Fig. 5e) .
Furthermore, the number of pulmonary metastases was significantly increased when hypoxia-induced Aldefluor pos cells derived from Aldefluor neg populations were injected and the number of metastatic foci caused by those population reached a similar level as native Aldefluor pos cells (Fig. 5f ). In addition, the tumor burden of the mice injected with these derived cells was significantly higher than those of the mice injected with Aldefluor neg cells and was similar in level to Aldefluor pos cells (Fig. 5g) (Fig. 5h) .
Discussion
Previous studies have suggested that traditional cancer treatments are effective for cancer reduction but fail to eliminate the CSCs that result in metastasis and recurrence. In order to examine the characteristics of BCSCs, we isolated primary cultured human breast cancer cells, BC#1, from a pleural effusion of breast cancer and selected CD44 À /Aldefluor neg cells. CharafeJauffret et al. (5) found that 23 out of 33 breast cancer cell lines examined contained an Aldefluor-positive population that displayed stem cell properties in vivo as well as in in vitro assays. These results suggested that high ALDH activity is a useful stem cell marker for primary cells as established BCC lines. (4, 37) In the case of tumorigenesis several HIF target genes play critical roles. (38) Among these HIF targeting genes, angiogenic factors, such as vascular endothelial growth factor (VEGF), are well-known target genes that play important roles in cancer development. Of critical importance is the previous report that HIF-1a protein was not detected in specimens from normal breast tissue or ductal hyperplasia but was detected in the majority of samples of ductal carcinoma in situ and invasive cancer specimens. (27) Recently, several anti-angiogenic drugs have been developed; however, a previous study demonstrated that treatment with anti-angiogenic agents, including sunitinib and bevacizumab, actually increased the population of BCSCs and promoted tumorigenesis through HIF-1a activation. (36) In this study, we showed that HIF-1a, rather than HIF-2a, is the key molecule associated with the maintenance of the stem cell properties of BCSCs. In addition, we found that HIF-1a expression, but not HIF-2a expression, was markedly increased in Aldefluor pos cells compared with Aldefluor neg cells in primary culture of BCCs and that HIF-2a is associated with the survival of both Aldefluor pos and Aldefluor neg cells in the culture. Collectively, it is suggested that HIF-1a expression is an important phenotype maintenance factor for BCSCs and that HIF-2a is important for cellular survival. (3) Hypoxic stimuli also exert physiological effects that can induce the EMT in tumors through multiple distinct mechanisms, including the upregulation of HIF-1a, or activation of the Notch or NF-jB pathways. (33, 39) Recent studies have demonstrated that HIF-1a-mediated EMT is linked to CSC characteristics in brain cancer. (40) In the present study, we found that the both mRNA and protein levels of EMT trigger genes, Snail and Slug, were markedly increased in Aldefluor pos cells compared with Aldefluor neg cells in primary cultured BCCs. Indeed, knockdown of HIF-1a expression in the Aldefluor pos cells reduced their capacity for self-renewal and their proliferation potential in vitro, as well as their tumorigenesis and metastasis in vivo, through inhibiting the EMT process via decreases in expression levels of Snail and Slug. We also found that HIF-1a overexpression in Aldefluor neg cells increased the expression of Snail and Slug, thereby repressing the expression of E-cadherin and inducing the expression of Vimentin.
Importantly, we found that HIF-1a directly induced ALDH1A1 mRNA expression, resulting in the production of Aldefluor pos cells derived from Aldefluor neg population by HIF-1a. Ginestier and colleagues proposed that ALDH1 expression in a subset of tumors may reflect the transformation of ALDH-positive stem or early progenitors. By contrast, ALDH1-negative tumors may be generated by the transformation of ALDH1-negative progenitor cells. (4) In this study, we could identify the generation of Aldefluor pos cells from some part of the Aldefluor neg population under direct regulation by HIF-1a. This result suggests that a small subset of the stem cell population would possess the reverse ability in terms of the expression of ALDH1A1. If this hypothesis is correct, it will be important to investigate the mechanism by which the ALDH expression is switched among CSCs and progenitor populations. Further analyses would be necessary to clarify this possible mechanism. Interestingly, Gupta and colleagues showed BCSC-like cells arise de novo from non-stem-like cells and explained the cell transition state by a Markov model. (6) According to this model, they revealed that interconversion between stem-like fractions and non-stem like fractions (luminal and basal cells) occurs after transplantation in vivo. (7) In the present study, because Aldefluor neg cells partially possess characteristics of BCSCs, it is likely that the magnitude of phenotypic change in CSCs, such as ALDH activity, would be controlled by microenvironmental factors (e.g., hypoxia) and subsequent effects on the epigenetic state of the Aldefluor neg population. In conclusion, hypoxia found in breast cancer tumors is one the most important processes responsible for the induction of HIF-1a in BCSCs. Consistent with previous reports, it is suggested that a combination of chemotherapy and HIF-1a inhibitor would be more effective compared with the current therapy. (41) We also predict that inhibition of HIF-1a that can inhibit ALDH activity in highly hypoxic breast cancer tumor microenvironments will reduce the chances to generate deleterious Aldefluor pos BCSCs.
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